Lack of association between barotrauma and air leak in hyaline membrane disease W 0 TARNOW-MORDI, A NARANG, AND A R WILKINSON Regional Intensive Care Nursery, John Radcliffe Hospital, Oxford SUMMARY A retrospective analysis of 632 infants with hyaline membrane disease admitted to this regional intensive care nursery between 1 July 1974 and 31 December 1982 showed that 387 (61%) received mechanical ventilation. The ventilator pressures at the time the first air leak was detected were available from the records of 120 of 154 (78%) of the infants who sustained pulmonary air leak. There was a significant downward trend in both peak and end expiratory pressure used during the study period. The downward trend in peak pressure persisted when inborn and outborn infants, boys and girls, and infants more than 27, and 23 to 27 weeks' gestation were examined separately. Despite these trends there was no reduction in the incidence of pulmonary air leak in any group. These data do not support the hypothesis, implicit in the term barotrauma, that a reduction in ventilator pressures decreases the risk of air leak.
Pulmonary air leak, defined as pneumothorax, pneumomediastinum, and pneumopericardium, is a frequent complication of conventional mechanical ventilation for hyaline membrane disease. 1-3 During the first 72 hours of life the changes in cerebral haemodynamics associated with pneumothorax may precipitate periventricular haemorrhage with a consequent risk of cerebral damage." Despite improvements in the survival of infants mechanically ventilated for hyaline membrane disease since 1970,4 7-9 the incidence of pulmonary air leak remains high. In several reports published between 1980 and 1983, pulmonary air leak occurred in 21 to 45% of newborn infants receiving mechanical ventilation.4 Pulmonary air leak during mechanical ventilation is usually attributed to the use of high peak inspiratory pressure2 or excessive positive end expiratory pressure.'2 13 Because of this the term 'barotrauma' is sometimes used as a synonym for 'air leak'.'3 Prolonged ventilator inspiratory time,i stiff suction catheters,'4 and active expiration against ventilator inflationi5 have also been implicated as risk factors for pulmonary air leak. To assess the importance of peak and end expiratory pressure we have examined retrospectively the incidence of pulmonary air leak in relation to trends in ventilator pressures used in infants with hyaline membrane disease during an eight and a half year period. (end expiratory pressure). Ventilator settings and FIO2 were adjusted to maintain arterial blood gases within the range of Po2 6-7 to 12 kPa (50 to 90 mm Hg) and Pco2 4 to 6 kPa (30 to 45 mm Hg). After the F1O2 had decreased to below 0-5 and the ventilator pressures reduced to 12 to 20/2 to 4 cm H20 infants were weaned from the ventilator by progressive reductions in respiratory rate to less than 10 per minute, followed by a period of constant positive airways pressure, then extubation. Gas flow rates of between 3 and 10 1/minute were used and humidifiers were kept filled within the recommended limits. The temperature of the inspired gas was normally maintained between 32 and 34°C and always between 30 and 36°C. Lack of association between barotrauma and air leak in hyaline membrane disease 557
Patients and methods

Patients
Infants of 23 to 27 weeks' gestation with hyaline membrane disease all received mechanical ventilation except for two of the 20 admitted in 1980.
The characteristics and outcome of the 387 mechanically ventilated infants are listed in Table 3 . There was a significant increase between 1974 and 1978 and 1979 and 1982 in the proportion of outborn infants (P<0-005) and of infants surviving until discharge, particularly infants of 28 to 32 weeks' gestation (P<0-001). The incidence of pulmonary air leak also increased from 35% to 43% between these periods but this was not statistically significant. The increase in the numbers of infants admitted, both inborn and referred, reflects the increasing demand for intensive care of the newborn during the study period.
Data on the ventilator pressures used at the time that pulmonary air leak was detected were available in 120 of 154 (78%) of the infants who sustained air leak. There was a downward trend in the peak inspiratory pressure at the time of air leak in these infants (r=-0.56, P=0.001). This trend persisted when infants of greater than 27 weeks' gestation ( Fig. 1, n=93 , r=-0*57, P<0.001) and 23 to 27 weeks' gestation (Fig. 2, n=27 , r=-0-39, P=0-02) were examined separately. Similarly, the downward trend in peak inspiratory pressure at the time of air leak was present in both inborn (n=79, r=-0-62, P=0.001) and outborn infants (n=36, r=-0*48, P=0-001) and boys (n=65, r=-0-48, P=0-001) and girls (n=50, r=-0-66, P=0.001). (Data unavailable in five infants). Despite this persistent downward trend in peak inspiratory pressure no reduction in the incidence of pulmonary air leak was seen in any group. In infants of 23 to 27 weeks' gestation there was a tendency towards an increased incidence of pulmonary air leak (Fig. 2) .
There was also a downward trend in the positive end expiratory pressure at the time of air leak in the 120 infants for whom data were available (r= -0-21, P=0.01). In no group was an increasing trend in positive end expiratory pressure at time of air leak seen during the study period.
Seventy five per cent of all pulmonary air leaks in mechanically ventilated infants occurred during the first 48 hours of life (Fig. 3) . Less than 10% occurred during the period of most rapid improvement in gas exchange between 48 and 96 hours of age.18 Neither the mean age at first air leak nor the proportion of infants sustaining a first air leak before and after 48 hours of age differed significantly between 1974 and 1978, and 1979 and 1982 (mean ages 26-9 and 29-1 hours, t=-1-41, n=127, 
Discussion
This study provides evidence of a progressive reduction in ventilator pressures in mechanically ventilated infants who sustained pulmonary air leak between 1974 and 1982 ( Figs. 1 and 2 ). Other aspects of ventilator technique, particularly the inspiratory: expiratory ratio settings, did not change, which indicates that there was also a progressive reduction in mean airway pressure. Despite these trends in pressure there was no decrease in the incidence of pulmonary air leak. This was an unexpected finding, for which three reasons can be advanced. An increasing proportion of infants with hyaline membrane disease were treated with mechanical ventilation, they were treated increasingly early in the course of the disease, and a greater proportion survived (Tables 2 and 3 ). More babies in the latter part of the study period were therefore exposed to the risk of pulmonary rupture, and for longer.
The precise age in hours at the onset of mechanical ventilation and at death were not recorded. It was not therefore possible to analyse the relation between the length of exposure to mechanical ventilation and incidence of air leak between 1974 and 1978, and 1979 and 1982.
The trends, however, to earlier onset of mechanical ventilation and longer survival during mechanical ventilation were not sufficiently important to alter the distribution of age at the time of the first air leak in those two periods (Fig. 3) .
We are unable to estimate the severity of disease of individual babies in terms of venous admixture and mean applied proximal airway pressure'9 from the data collected. We cannot therefore exclude the possibility that in the most severely affected babies there was a reduction in incidence of pulmonary air leak during the study period which was masked by an increased incidence of air leaks in the less severely affected babies. Alternatively, in the most severely affected babies there may have been no significant trend in the pressure employed at the time of air leak over the study period. Neither possibility, however, is consistent with the observation that in infants of 23 to 27 weeks' gestation, a + group likely to be at greater risk of severe hyaline membrane disease, the same trends in pressure and air leak were seen as in infants of more than 27 weeks' gestation. Lack of association between barotrauma and air leak in hyaline membrane disease 559 despite the increase in ventilator pressures necessitated by paralysis.
These considerations lead us to suggest that the term barotrauma may be a more appropriate description of the changes represented by bronchopulmonary dysplasia than of pulmonary air leak. Current efforts to reduce the incidence of air leak in mechanically ventilated infants may benefit from a reappraisal of the role of ventilator pressure in its aetiology. A recently advanced theoretical model suggests that the inspiratory:expiratory ratio may be a major determinant of pulmonary air leak in mechanically ventilated infants.2' Perhaps pulmonary air leak and bronchopulmonary dysplasia can be minimised by a combination of a low inspiratory: expiratory ratio and low peak pressures respectively. 22 The use of respiratory rates in excess of 60 per minute has also been advocated as a strategy for prevention of pneumothorax.23 24 Inadequate humidification of inspired gas may also play a role.25
Information is needed about the incidence of air leak in infants randomised, in trials of adequate size and design, to ventilation regimens that use different pressures, inspiratory:expiratory ratios, and respiratory rates. Until the results of prospective randomised studies are available we think some caution is warranted in the application of the term barotrauma to the lesions of pulmonary air leak.
